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Abstract  
Stations on Bus Rapid Transit (BRT) lines ordinarily control line capacity because they act as 
bottlenecks. At stations with passing lanes, congestion may occur when buses maneuvering into and 
out of the platform stopping lane interfere with bus flow, or when a queue of buses forms upstream 
of the station blocking inflow. We contend that, as bus inflow to the station area approaches 
capacity, queuing will become excessive in a manner similar to operation of a minor movement on 
an unsignalized intersection. This analogy was used to treat BRT station operation and to analyze 
the relationship between station queuing and capacity. We conducted microscopic simulation to 
study and analyze operating characteristics of the station under near steady state conditions through 
output variables of capacity, degree of saturation and queuing. In the first of two stages, a 
mathematical model was developed for All Stopping Buses Potential Capacity with bus to bus 
interference and the model was validated. Secondly, a mathematical model was developed to 
estimate the relationship between average queue and degree of saturation and calibrated for a 
specified range of controlled scenarios of mean and coefficient of variation of dwell time.  
Keywords: Bus Rapid Transit, Bus Capacity, Queue, Micro simulation 
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Modelling the BRT Station Capacity and Queuing for All Stopping 
Busway Operation 
1 Introduction 
Bus Rapid Transit (BRT) is an integrated system of facilities, services, and amenities that 
collectively improves the speed, reliability, efficiency and identity of the bus transit mode 
(Levinson et al., 2003; TRB, 2003; Widanapathiranage et al., 2013b). Many forms of BRT 
systems are in operation worldwide. Those most common incorporate either priority on-
road infrastructure including exclusive bus lanes, facilities completely segregated from 
general traffic which are commonly referred to as busways, or a combination of the two 
(Diaz et al., 2004; Hidalgo, 2011). Dedicated busways provide greater improvement in 
speed and reliability than exclusive bus lanes (Wright & Hook, 2007). 
BRT is defined by the US Transit Capacity and Quality of Service Manual (TCQSM) 
(TRB, 2013) as a flexible, rubber-tired rapid transit-mode that incorporates stations, 
vehicles, services, running ways, and Intelligent Transportation System (ITS) elements into 
integrated system with a strong positive identity that evokes a unique image. 
Here, a BRT line or busway is defined as a linear corridor containing multiple segments, 
which carries one or more bus routes. A segment is defined as a section of a BRT line 
between two nodes that influence the traffic operation of the BRT line. Examples of a node 
include a BRT station, signalized intersection, unsignalized intersection, on-ramp and off-
ramp. A station is defined as a node on a BRT line where buses are able to stop and dwell 
to serve passengers. A BRT station may have various configurations. In this study, a station 
is defined to be directionally separated whereby buses cannot overtake across the oncoming 
side of the roadway. It includes a linear platform in each direction to serve passengers. 
Each platform contains multiple, off-line linear loading areas. In each direction, the 
roadway contains a platform stopping lane with upstream pullout taper and downstream 
merge taper, plus an adjacent passing lane. A loading area is defined as a portion of the 
platform stopping lane, either marked or unmarked, which is designated for bus stopping 
and dwelling to serve passengers (see Fig. 1). 
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Fig. 1 Typical busway station map in South East Busway Queensland (FTA, 2008) 
Transit line service capacity (veh/h) is that achievable under stipulated repeatable, safe 
working conditions resulting in a maximum achievable frequency. TCQSM (TRB, 2013) 
defines it as “the maximum number of transit vehicles that can pass a given location during 
a given time period” based on a minimum headway. The given location is usually the 
busiest stop which causes the greatest constriction to throughput. The given time period is 
usually a peak hour for the peak travel direction. Since Transit line service capacity is a 
design value, minimum headway is usually represented as a design value that incorporates a 
buffer to avoid congested operation. 
2 Existing BRT Queuing and Capacity Models 
Bus stop capacity models illustrated in literature can be categorized as analytical and 
simulation models. The TCQSM analytical model (discussed later in this section) (TRB, 
2013) is generally used to estimate steady state capacity. However, other models such as 
the convoy model (based on Sao Paulo, Brazil) are available to estimate bus stop capacity. 
Under convoy operation, buses travel as a group with small headways and stop together at 
specified berths on a stop or station. Fernández (2001) tested this model for a single berth 
bus stop and found that model results were 2.7 times higher than observed data, indicating 
that further refinement of that model is needed. Jaiswal et al. (2009) introduced bus lost 
time as an important component that affects loading area capacity. Results showed that the 
TCQSM 2
nd
 Edition capacity model gave higher values than the model including the lost 
time variable, which therefore increases delay time for buses (Jaiswal et al., 2009; Jaiswal 
et al., 2010). 
 Fernández (2007) introduced the concept of capacity of divided bus stops. These have 
more than one stopping point and concequently increase the facility bus capacity. 
Fernández found that weaving distance between nearby stopping points should be designed 
by considering the influence of downstream stop queue length and the combination of 
passenger demand of stopping points.  
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Wright, et al., (2007) introduced a basic formula to estimate BRT corridor capacity with 
a function of vehicle capacity (passenger/vehicle), load factor, service frequency 
(vehicle/hour) and number of stopping bays. Later they further developed the initial 
formula by considering dwell time (s), percentage of vehicles that are limited stop or 
express vehicle, degree of saturation (degree of saturation 0.4 is recommended for BRT 
operation) and renovation rate (Average number of passengers that are on vehicle divided 
by total boarding along the route). 
Hidalgo et al., (2013) introduced a method to estimate theoretical maximum number of 
passengers in bus lanes where maximum capacity per hour equals to maximum buses per 
hour per lane in to passenger per bus multiplied with bus degree of saturation in to number 
of lanes. Further they introduced a method to estimate maximum theoretical passenger 
capacity as a multiple of maximum buses per hour per platform, number of platforms per 
express buses and passenger per bus. However, this method is not considering the 
efficiency of the platform area and limited for maximum of 60 buses per hour per platform 
(Hidalgo et al., 2013; Kash & Hidalgo, 2013). In a real BRT station operation with multiple 
loading areas this number can be is far greater. 
The simulation modeling approach can be used to measure stop or station capacity as 
well as other performance measures. Hidas et al., (2009) analyzed the bus operations by 
using microsimulation technique in a bus corridor and evaluate various alternative 
operational and traffic management scenarios to accommodate the expected growth in bus 
numbers in Sydney. Challenges they came across during simulation model developments 
was modelling of “Dead Running” (running out of service, unavailable for passengers) 
buses. Since most of corridors experiencing dead running buses during peak periods, they 
modelled them as separate services running on a frequency calculated from the inbound or 
outbound services. Further, during the simulation, they observed that there was a conflict 
between the buses being generated from a bus stop and the inbound buses servicing the 
same bus stop. This led to buses blocking each other and an eventual break down of the 
model. To overcome this problem, a set of clone bus stops were created on top of existing 
bus stops (one for inbound and the other for outbound service).  
Fernández (2010) modeled bus stops and a light rail station using the PASSION 
microscopic model under mixed traffic conditions. It was found that the stop cannot operate 
at its absolute capacity because upstream bus queuing developed even at low degree of 
saturation, suggesting that no more than one vehicle queue would be acceptable during a 
short period of time. 
Lindau et al., (2013) analysed BRT operation using microscopic simulation using 
EMBARQ BRT for single per direction with no overtaking. They replicated 324 different 
scenarios for different demand conditions with a traffic signal being situated before and 
4 
 
after of the station and found that the operating speed is changing with the position of the 
traffic signal relevant to the station. 
The standard procedure for estimating BRT line service capacity is prescribed in TCQSM 
(TRB, 2013). This procedure is a simplified version of a more complex deterministic 
procedure to estimate bus stop design capacity, which is applicable to a range of facilities 
including mixed traffic streets. The procedure stipulates that line service capacity is 
controlled by capacity of buses through the busiest stop. The remainder of this paper 
implies a busiest stop, or in this case BRT station capacity analysis. 
 For BRT facilities the procedure is simplified when the absence of immediately adjacent 
signalized intersections removes the need to apply a green time ratio. The design capacity is 
based on applying an operating margin to average dwell time that corresponds to a desired 
failure rate, which is defined as the probability of a bus queue waiting to access a loading 
area occupied by a dwelling bus.  
One drawback to the TCQSM procedure is that it does not explicitly address bus queuing 
upstream of the platform area at a BRT station, which is where we have observed queues to 
form, rather than a “vertical queue” at each loading area along the station platform. Further, 
the actual length of bus queues cannot be readily estimated using the existing procedure. 
Actual queue lengths are useful when undertaking traffic engineering for a BRT facility, for 
instance in addressing queue spillback to other nodes on the line. It is also feasible that a 
maximum acceptable queue length could be prescribed as a means of estimating a station’s 
limiting service bus capacity. Therefore, this research is designed to estimate the upstream 
average queue length of a busway station with respect to relevant degree of saturation for 
all stopping buses scenario. 
3 Methodology 
This study contends that BRT station operation can be better understood through applying 
some features of traffic queuing theory. Specifically, the whole BRT station is analogous to 
a multi-channel server system, where each of the multiple off-line loading areas along the 
platform represents a server. These servers are only partially parallel, as bus-bus 
interference prevents each of the loading areas from operating completely independently. 
Microscopic traffic simulation is ideal to represent this bus-bus interference phenomenon. 
The BRT station multi-channel server system contains an inflow immediately upstream 
of the platform area, the loading areas as the server system causing congestion, and an 
outflow immediately downstream of the platform area. Queuing into the server system may 
occur immediately upstream of the platform area. For this paper we assume the following: 
All buses in the system stop at the study station, the platform area contains three off-line 
linear loading areas on a stopping lane, the stopping lane includes diverge and merge tapers 
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at their respective ends of the platform, and a passing lane exists along the full length of the 
station. For now, a near steady state system is modeled (TRB, 2000).  
Microscopic traffic simulation can efficiently represent the real world situation and 
reproduce its behavior under a controlled environment and hence has been extensively used 
in transport research (NBRTI; TRB, 2013; UNHSP, 2013; Widanapathiranage et al., 
2013a). The model proposed in this research is based on simulation, where for realistic 
representation of the network and reproduction of network behavior, the parameters for the 
simulation model were calibrated with real data collected via field survey and validated 
against standard values given in TCQSM. Various scenarios were simulated and the data 
obtained used to develop a mathematical model. 
In this research we have used AIMSUN (Advanced Interactive Microscopic Simulator for 
Urban and Non-Urban Networks) version 6.1.6 (TSS, 2010) to model a BRT station and 
simulate its operation. In literature, AIMSUN has been extensively applied in research and 
commercial projects, where its micro simulation capabilities are continuously tested. It 
provides flexibility to control the simulation through the API (Application Programming 
Interface). We have developed API’s to introduce the buses at the desired headway and 
dwell time distribution.  
Fig. 2 illustrates the framework of this research. This research consists of two specific 
sections. The first section is to micro simulate a busway station on the South East Busway 
(SEB) in Brisbane, Australia then validated with deterministic TCQSM model without 
operating margin, using field survey data. Thereafter All Stopping Buses (ASB) potential 
capacity model is developed and introduces bus-to-bus interference factor which gives new 
insights to the efficiency of loading areas. The final stage of this research is to use ASB 
potential capacity model to estimate upstream average queue length and average time spent 
in the system by incorporating average upstream queue length of the system. 
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Fig. 2 Research framework 
3.1 Busway Station Selection 
We developed the simulation model for Buranda busway station (Fig. 3) in Brisbane, 
Australia. This station is the fourth of 10 stations along the 16km (10mi) SEB and is 4.4km 
(2.8mi) south of the CBD hub Queen Street Bus Station (Bitzios et al., 2009). 
Capacity reduction factor due to 
bus-bus interference; (𝑓𝑏𝑏𝑖) 
Degree of Saturation; (𝑋𝑖𝑛) 
Upstream average queue length; (𝑄𝑎𝑣) 
Average spent in the system; (𝑠𝑡𝑎𝑣) 
Bus inflow (all 
stopping buses); (𝐵𝑖𝑛) 
TCQSM model (all stopping 
bus station capacity without 
operating margin) 
Headway distribution 
Dwell time distribution 
AIMSUN API 
Busway station 
microsimulation 
All stopping buses potential 
capacity model; (𝐵𝑎𝑠𝑏|𝑝) 
Field Surveys 
Average dwell time; (𝑡𝑑) 
Average clearance time; (𝑡𝑐) 
Coefficient variation of dwell time; (𝑐𝑣) 
Number of effective loading area;(𝑁𝐸𝐿) 
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note: Black line indicates the sections of SEB, EB and BRB and purple dots indicate busway stations (source: www.translink.com.au, 
www.google.com.au). 
Fig. 3 Buranda busway station map 
 Buranda station satisfies the study criteria listed above. With a suburban railway station 
situated on ground level above (Translink, 2012), Buranda is an important bus/rail 
interchange. Furthermore, it is a junction station between the north-south SEB, the 4km 
(2.5mi) Boggo Road Busway (BRB) which connects to the SEB via a signalized T 
intersection to the north, and the 1.0km (0.6mi) Eastern Busway (EB) which connects to the 
SEB via a signalized T intersection to the south. BRB contains four stations with its 
western terminus station of University of Queensland, which is one of Brisbane’s major 
transit destinations. EB contains two stations and at its eastern end connects to the high 
volume Old Cleveland Road on-street bus commuter corridor (TransLink, 2011). All buses 
through Buranda station are managed by Queensland Government’s TransLink Division, 
which uses smart card fare technology for efficient passenger exchange and seamless multi-
modal transit system operation (Widanapathiranage et al., 2013b). 
Buranda station experiences high passenger exchange and some bus queuing on the 
inbound platform during the morning peak period and on the outbound platform during the 
peak period. Although there are three loading areas on the platform, a fourth itinerant 
loading area is occasionally observed (NBRTI; Widanapathiranage et al., 2013c) in peak 
periods when bus drivers are able to pull into it and dwell using only the front door to serve 
passengers. 
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3.2 Field Surveys 
A manual counting method was used to count boardings and alightings using a smart phone 
application. A field survey was conducted in May 2011, which is one of the busiest months 
of passenger demand in Brisbane. The averages of measured dwell time, clearance time and 
coefficient of variation of dwell time were computed as 18s, 16s and 0.52, respectively. 
Loading area efficiency was determined using the TCQSM method to be 80%, 90% and 
100% for first, second and third loading areas, respectively. The fourth itinerant loading 
area efficiency was observed to be only 2%. Thus the overall number of effective loading 
areas was 2.7, which closely aligns with the value of 2.65 prescribed by TCQSM. A second 
field survey was conducted in April 2013 (04.16.13 to 04.18.13) to verify the distribution of 
dwell time and headways in order to develop the busway station simulation, which is 
described in the next section. 
4 Model Development 
4.1 Busway Station Simulation  
A microscopic busway simulation reflective of Buranda and shown in Fig. 4 was developed 
using AIMSUN 6.1 (TSS, 2010). The first objective of the simulation model was to 
empirically determine station potential capacity where all buses stop, 𝐵𝑎𝑠𝑏|𝑝, which we 
define here as the maximum potential average outflow of buses from the station area, and to 
validate it against the TCQSM model to estimate bus facility capacity for Buranda’s 
conditions. The second objective was to model average upstream queue length, 𝑄𝑎,𝑖𝑛, for 
various combinations of flow, dwell time, and coefficient of variation of dwell time. 
Potential capacity was measured at the point downstream of the station (Detector A in Fig. 
4). Queue length just upstream of the platform (section B in Fig. 4) was measured under a 
range of input conditions. Usually, the simulation model is updated with each and every 
simulation step and recorded average value (queue or capacity) for designated store interval 
time. For this busway station microsimulation we run 100 replications per event and got the 
average value. 
 
Fig. 4 Cross section of the model 
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The standard means of generating public transport vehicles (buses) in AIMSUN follows 
the normal distribution for a given mean headway and its deviation. Similarly, stochastic 
dwell time at a stop is defined using the normal distribution. However, analysis of the real 
data obtained from the Buranda field surveys indicated that bus headway and dwell time 
follow exponential and lognormal distributions, respectively. Even though bus routes in 
SEB are following a scheduled timetable, headways are changing due to different 
characteristics of route, low on time performance and conflicting with general traffic prior 
to entering the busway. Further, more than 60 bus routes are servicing at Buranda with 
different headway hence headway becomes more random. Accordingly, bus transaction 
data and survey data were analyzed to define a proxy for dwell time and headway at 
Buranda. Fig. 5 shows the dwell time headway distribution at Buranda station for the 
inbound direction obtained from field surveys on 16.04.2013. Dwell time shows a log-
normal distribution with mean (µ) equal to 2.6 and standard deviation () equal to 0.6 (Fig. 
5(b)). The average dwell time was 15.9s and standard deviation was 6.3s which for a 
coefficient variation of dwell time equal to 0.4. Three days of surveys were conducted from 
16.04.13 to 18.04.13 and all data showed that dwell time as a log-normal and headway as 
exponential distribution. Fig. 5(b) shows the headway distribution as exponential with flow 
rate parameter () equal to 0.04bus/h. This is consistent with the lognormal distribution of 
dwell time reported in the literature (Li et al., 2012). 
         
(a)                                                                    (b) 
Fig. 5 Dwell time and headway distribution at Buranda 
An AIMSUN API was used to generate vehicles with headway following an exponential 
distribution and dwell time following a lognormal distribution. Even though dwell time 
follows a lognormal distribution, the data set was generated with required standard 
deviations to achieve relevant coefficient of variation of dwell times, 𝑐𝑣. 
 Drivers’ reaction times, during vehicle movement and from a stationary position, were 
assigned to be 0.75s and 1.35s, respectively. Simulation was performed using a simulation 
time step of 0.15s to ensure each driver’s behavior could be accurately discretized (TSS, 
2010). For this study a basic model of operation was prescribed in order to develop the 
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fundamental empirical relationships described later. It was therefore assumed that all buses 
are standard 12m (40ft) rigid vehicles. Further, the upstream section (section B Fig. 4) was 
given a length of 13km (8mi) to avoid any virtual queue being created at the upstream 
section. 
4.2 Mathematical Station Potential Capacity Model 
BRT station potential capacity where all buses stop, 𝐵𝑎𝑠𝑏|𝑝 (bus/h) marks the region of the 
queue versus degree of saturation relationship where the queue length becomes unstable. 
Steady conditions occur when inflow to the station is less than the achievable outflow, 
conversely an unsteady condition occurs when the inflow to the station equals or exceeds 
the achievable outflow such that a queue of buses immediately upstream of the station area 
perpetuates. 
The busway station simulation was used to model conditions of perpetual upstream bus 
queuing approaching unsteady conditions to empirically determine 𝐵𝑎𝑠𝑏|𝑝 for a range of 
conditions of average dwell time, 𝑡𝑑 (s) and coefficient of variation of dwell times, 𝑐𝑣. For 
each scenario, average dwell time and dwell time coefficient were assigned as constants 
consistently to all three loading areas. 
The smallest average dwell time simulated was 5s, which may just be enough time for a 
bus to pull up, open and close its doors and depart. Although improbable on a real BRT 
station, this value was used in order to estimate the highest feasible limit state capacity. The 
largest average dwell time simulated was 90s. In all field observations at Buranda station 
no dwell times of this size were observed. However, it was considered necessary to 
simulate this value to establish the lower magnitude of potential capacity under adverse 
conditions. Average dwell times in the normal range of station operations of 10s, 15s, 20s, 
30s, 45s as well as 60s were simulated to ascertain potential capacities. 
For each average dwell time, three values of dwell time coefficient of variation were 
simulated; 0.4, 0.5 and 0.6. The TCQSM (TRB, 2013) specifies in the absence of field data 
the upper value for on street bus operations and the lower value for light rail operations. It 
is considered that BRT station bus operations would realistically lay within this range. Data 
collected on the outbound platform at Buranda station on May 2011 revealed a coefficient 
variation of dwell time is 0.52. 
Fig. 6 illustrates icon showing the 𝐵𝑎𝑠𝑏|𝑝 values determined from simulation across the 
ranges of average dwell time and dwell time coefficient. As expected, potential capacity 
decreases with dwell time. It also decreases very marginally with increasing coefficient 
variation of dwell time, which is attributed to the asynchronous conditions generated 
between buses when their dwell times vary. Capacities diverge marginally between 
coefficient variation of dwell time with increasing average dwell time.  
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note: model 0.4 indicates 𝐵𝑎𝑠𝑏|𝑝 capacity from model for 0.4 of cv and sim 0.4 indicates 𝐵𝑎𝑠𝑏|𝑝 capacity from simulation for 0.4 of cv. 
TCQSM represents the 𝐵𝑎𝑠𝑏|𝑝 capacity by using TCQSM method. 
Fig. 6 BRT Station Potential Capacity versus Average Dwell Time with Dwell Time 
Coefficient 
Equation 1 (TRB, 2013) states the TCQSM deterministic relationship for BRT station 
design capacity without operating margin: 
𝐵 =
3,600
(𝑡𝑑 + 𝑡𝑐)
𝑁𝐸𝐿  
(1) 
where: 
 𝐵  = design bus capacity (bus/h) 
 𝑡𝑑 = average bus dwell time on a loading area (s) 
𝑡𝑐 = average clearance time between buses using a loading area(s) 
𝑁𝐸𝐿 = number of effective loading areas 
The off-line loading area efficiency factors given in TCQSM and used to determine 
𝑁𝐸𝐿are based on observations of facilities in New York and New Jersey. The value of 𝑁𝐸𝐿 
prescribed for a three loading area, off-line BRT station in TCQSM is 2.65. Fig. 6 
illustrates (dotted line) for this value the bus capacity calculated using Equation 1 as a 
function of dwell time, when no operating margin on dwell time is included. Inclusion of an 
operating margin represents a design case, whereas its omission results in a theoretical bus 
capacity reflective of maximum potential conditions. The curve representing capacity lies 
slightly above the data points, which can be explained by synchronous conditions 
improving capacity when no variation in dwell time exists. 
Given that Equation 1 does not model dwell time variability, a function was sought to 
model the simulated conditions illustrated by the icons in Fig. 6. The best function 
determined in this study to estimate potential capacity 𝐵𝑎𝑠𝑏|𝑝 (bus/h) is given by: 
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𝐵𝑎𝑠𝑏|𝑝 =
3,600
(𝑡𝑑 + 𝑡𝑐)
𝑁𝑙𝑎𝑓𝑏𝑏𝑖 
(2) 
where: 
𝐵𝑎𝑠𝑏|𝑝 = potential capacity where all buses stop (bus/h) 
𝑡𝑑   = average bus dwell time on a loading area (s) 
𝑡𝑐   = average clearance time between buses using a loading area(s) 
𝑁𝑙𝑎   = number of actual loading areas on BRT station platform, equal to 3 in this study 
𝑓𝑏𝑏𝑖   = capacity reduction factor due to bus-bus interference within BRT station area  
     (𝑓𝑏𝑏𝑖 < 0.9) 
 The model was fitted with R
2
 equal to 0.99. Equation 1 reduces to the form of Equation 2 
when the operating margin on dwell time is omitted in the denominator and the number of 
effective loading areas 𝑁𝐸𝐿 is replaced by 𝑁𝑙𝑎𝑓𝑏𝑏𝑖. 
Subsequently the simulation data were scrutinized to establish a model to estimate bus-
bus interference factor, 𝑓𝑏𝑏𝑖. The most suitable function was found to be of the following 
form; its coefficients determined with the average loading area bus clearance time,𝑡𝑐, using 
ordinary least squares regression optimization: 
𝑓𝑏𝑏𝑖 = 0.90 − 0.004 𝑐𝑣𝑡𝑑 (3) 
where: 
𝑐𝑣 = coefficient variation of dwell time 
𝑡𝑑 = average bus dwell time (s) 
As shown in Fig. 7,  𝑓𝑏𝑏𝑖 decreases when each of the average dwell time and coefficient 
of variation of dwell time increase, which means the efficiencies of a busway loading area 
decreases under high average dwell time and high dwell time coefficients. This is 
intuitively reasonable because higher average dwell times relative to clearance times should 
result in more blockages to the front and middle loading areas, as would variation in dwell 
times. However, for the field data acquisition to measure 𝑓𝑏𝑏𝑖 values is required to 
substantiate this postulation. 
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note: 0.4 indicates Capacity reduction factor due to bus-bus interference; fbbi  variation with 0.4 dwell time coefficients 
Fig. 7 Bus-Bus Interference Factor vs. Average Dwell time and Dwell Time Coefficient 
The value of NEL in Equation 1 equal to 2.65 under the conditions of this study implies a 
value of bus-bus interference factor (𝑓𝑏𝑏𝑖) equal to 0.88. This values lies in the range of the 
refined model of Equation 3. 
Average clearance time determined from simulation model observations was 19s, which 
corresponds to observed values at the study station and lies within TCQSM’s observed 
range of between 10s and 20s (TRB, 2013).  
Fig. 6 also illustrates the model of Equations 2 and 3 to estimate All-stopping Buses 
(ASB) potential capacity across the simulated ranges of average dwell time and dwell time 
coefficient listed above. The equations provide a very close fit with a Root Mean Square 
(RMS) error in potential capacity of between 2bus/h and 3bus/h as dwell time coefficient 
varies. 
Equation 1 was developed using average dwell times of 5, 10, 15, 20, 30, 45, 60 and 90s. 
The model was cross validated by comparing it with data obtained from simulations using 
25, 50 and 75s average dwell times and concluded that these values fit well with the 
Equation 2 model with R
2
 equal to 0.99. 
The largest potential capacity from Equations 1 and 3 is 401bus/h which corresponds to a 
5s average dwell time, 19s average clearance time and 0.4 coefficient variation of dwell 
time (0.892 bus-bus interference capacity reduction factor). In this case, all buses come to a 
stop on a loading area and depart quickly. Despite this case being somewhat non-practical, 
it is an important limiting parameter of the model. 
Equations 2 and 3 are asymptotic towards potential capacity of zero as average dwell 
time becomes very large, beyond the realm of the real system. For the largest average dwell 
times of 90s one minute to which the function was fitted, potential capacity is very small, 
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varying between 77bus/h and 74bus/h as dwell time coefficient varies between 0.4 and 0.6, 
respectively. In this case with each of the three loading areas occupied by successive buses 
each for an average of one minute, the potential outflow is substantially less than the 
99bus/h which would be the case if these three servers were located in parallel with no bus-
bus interference. Potential outflow with three parallel loading areas is calculated when the 
number of effective loading area becomes 3 with 19s clearance time and 60s dwell time by 
using Equation1 without operating margin.  
4.3 Mathematical Station Bus Queuing Model 
The TCQSM (TRB, 2013) deterministic procedure to estimate BRT station bus service 
capacity considers that acceptable operation corresponds to a common desired failure rate 
for each loading area, which is equal to the probability of a bus queue waiting for access to 
the loading area while another bus is dwelling. This implies that buses queue vertically on 
each loading area, such that loading area queues do not interfere with each other.  
 We also maintain that queuing as the best measure of acceptability of station operation. 
However, we contend that for a multiple loading area station an improved model that 
reflects horizontal queuing is necessary because it is undesirable for bus queues to extend 
back from the platform lane into the BRT through lane on the mainline immediately 
upstream of the station. This may lead to adverse queue interaction with upstream control 
elements such as intersections, queue spillback to higher speed operating elements 
presenting a safety concern, and inconvenient delay to passengers in buses waiting for 
access to the station area. 
The simulation model was used to model near steady state conditions under various bus 
inflow rates, 𝐵𝑖𝑛, between zero and potential capacity, for ranges of average dwell time and 
coefficient of variation of dwell time. Relationships could then be developed between 
upstream average bus queue length, 𝑄𝑎𝑣, and station bus degree of saturation, 𝑋𝑖𝑛 (where 
𝑋𝑖𝑛 = 𝐵𝑖𝑛 / 𝐵𝑎𝑠𝑏|𝑝). The average queue length was obtained for varying degree of saturation 
by changing the inflow. 
The smallest average dwell time modeled here was 10s while largest was 60s. Average 
dwell times of 15s, 20s, 30s and 45s were also modeled. Fig. 8 shows for a 10s average 
dwell time, the variation in upstream average queue length with coefficient of variation of 
dwell time between 0.4, 0.5, and 0.6. It is evident that there is very little effect on upstream 
average queue. This is consistent with finds above regarding effect of coefficient of 
variation of dwell time on potential capacity. Consequently, for further investigations a 
coefficient of variation of dwell time of 0.5, which is consistent with survey results, was 
used.  
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Fig. 8 Upstream average bus queue length under 10s average dwell time as coefficient of 
variation of dwell time varies 
Fig. 8 illustrates an example of such a relationship of data corresponding to a loading area 
average dwell time of 10s with dwell time coefficient of 0.5. 
 
Fig. 8 BRT station upstream average bus queue length versus degree of saturation (average 
dwell time 10s, dwell time coefficient 0.5) 
In order to quantify average queue length of buses in the system, the platform area was 
regarded as a server, with a single queuing channel representing the upstream mainline 
through lane. The system average queue is deterministically equal to the product of the 
average time spent in the system and the arrival flow rate, which is given by: 
𝑄𝑎𝑣 = 𝑠𝑡𝑎𝑣(
𝐵𝑖𝑛
3600
) (4) 
where: 
𝑄𝑎𝑣   = upstream average queue length (bus) 
𝑠𝑡𝑎𝑣  = average time spent in the system (s) 
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𝐵𝑖𝑛   = bus inflow (bus/h) 
Fig. 8 illustrates that Equation 4 can be applied to that particular case. In order to quantify 
the average time spent in the system, the system was considered to be analogous to an 
unsignalized intersection movement with respect to queuing. The Highway Capacity 
Manual’s (TRB, 2000) estimating function for average delay to such a movement was 
investigated for applicability using the simulation results. The equation was modified as 
follows to reflect that multiple interfering channels are present within the server itself. 
𝑠𝑡𝑎𝑣 =
3600
𝐵𝑎𝑠𝑏|𝑝
+ 900 𝑇 ((𝑋𝑖𝑛 − 1)
2 + √(𝑋𝑖𝑛 − 1)2 +
(𝑁𝐿𝐴𝑓𝑏𝑏𝑖)2𝑋𝑖𝑛
150 𝑇
)  (5) 
where: 
𝑠𝑡𝑎𝑣  = average time spent in the system (s) 
𝐵𝑎𝑠𝑏|𝑝 = potential capacity (bus/h) 
𝑋𝑖𝑛   = degree of saturation (demand/capacity) 
𝑁𝐿𝐴   = number of loading areas (in this case 3 loading areas) 
𝑓𝑏𝑏𝑖   = bus-bus interference factor 
𝑇    = system time, equal to 1h (3600s) 
900 and 150 are empirical constants 
It is important to note that Equation 5 does not quantify average bus delay. The first term 
in Equation 5 represents the average service time of the platform area as a combined server, 
and hence it is the inverse of its potential capacity. Average bus delay may be quantified by 
multiplying the first term in Equation 5 by the number of loading areas and adding that 
value to the second term. Fig. 9 shows the upstream average queue length and bus inflow 
variation with average dwell time for simulation results and for mathematical model 
developed in Equations 4 and 5. 
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note: 10-est represents the estimated average upstream queue length with 10 s average dwll time from equation 4 and 5 while 10-sim 
represents simulated average upstream queue length with 10 s average dwell time. Simulated points here are the average of multiple 
simulations performed. 
Fig. 9 Upstream average queue length and bus inflow variation with average dwell time 
The data pattern from the example of Fig. 8, Fig. 9 and form of Equation4 are familiar to 
queuing systems as the Highway Capacity Manual (TRB, 2000) describes for unsignalized 
intersection queuing. However, it was necessary to check that the form is applicable across 
the simulated range of operations of the BRT station.  
Fig. 10 illustrates a line of equality comparison between each upstream average bus 
queue length estimated using Equation 4 and the simulated value. In order to ensure stable 
model fitting queue lengths corresponding to the extremely volatile range of degree of 
saturation exceeding 0.96 were excluded. Icons above the line indicate that Equation 4 
overestimates simulation average queue length while those below the line indicate that it 
underestimates. 
 
Fig. 10 BRT station upstream average bus queue length estimated by model versus 
simulated 
Fig. 10 demonstrates that the Equation4 model provides a very good fit to upstream 
average queue length for queue lengths less than 6 buses. Across all average dwell times, 
we consider average queue lengths of 6 buses or more to be excessive because they 
correspond to a volatile range of degree of saturation in excess of 0.95. The model is less 
precise in estimating such queues, because very small change in degree of saturation results 
in extremely large change in average queue length. 
5 Conclusion 
This study used microscopic simulation to study and to analyze operating characteristics of 
a Bus Rapid Transit station as bus inflow varies. A mathematical model was developed to 
estimate potential capacity, which incorporates a capacity reduction factor due to bus-bus 
interference within BRT station area that reflects the efficiency of busway loading areas. 
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We confirmed that potential capacity, measured as maximum achievable outflow from the 
station, closely matches the Transit Capacity and Quality of Service Manual’s deterministic 
model without operating margin. All Stopping Buses Potential Capacity Model method is 
another way of estimating potential capacity for busway station and it is significantly 
important for transit analyst to decide the upper bound to estimate design practical capacity 
of the busway station. The difference of TCQSM model and All Stopping Buses Potential 
Capacity Model (𝐵𝑎𝑠𝑏|𝑝) model, 𝐵𝑎𝑠𝑏|𝑝 proposed bus-bus interference can affect on loading 
area efficiency; where bus-bus interference depends on average dwell time and dwell time 
coefficient.  
 We then developed a mathematical model to estimate upstream average queue length 
with varying inflow using an analogy of traffic queuing similar to the HCM unsignalized 
intersection model. The model was calibrated using simulation model output of queue 
length as bus inflow to the station varies. Queuing did not affect the overall capacity if all 
buses stop at the station. However, this is a significant enhancement to the current TCQSM 
methodology for estimating BRT station capacity where this gives the capability to estimate 
design bus station capacity not only with respect to demand but also with respect to 
upstream queue length. The TCQSM methodology implies vertical storage of queues on 
each loading area, rather than the observed case where queues store upstream of the station 
platform. 
Estimates of both capacity and queuing are needed in traffic engineering analysis of BRT 
facilities, particularly as some systems are now reaching capacity at certain stations and 
queue interaction between nodes arises to avoid additional delays of passenger travel time. 
It is hard to compare capacity and queue estimations for a BRT facility with available 
literature mainly due to their limitations, approach and uniqueness of each and every study 
facility. The existing models (Wright et al., 2007, Hidalgo et al., 2013) are applicable only 
to the application of bus station/stop capacity analysis with the consideration of the 
stopping buses only. Hidalgo et al., 2013do can provide practical capacity under different 
degree of saturation.   
The advancement of the proposed model to the literature is that in addition to the bus 
station/stop capacity it also provides, loading area capacity, loading area efficiency and 
considers the bus-bus interference. 
6 Further research 
A practical bus capacity will be defined, which corresponds to an acceptable level of bus 
queuing or delay immediately upstream of the station. This means a bus stop can achieve its 
practical bus capacity with respect to the degree of saturation and practical upstream design 
queue length. Future research will validate queue model proposed in this paper by 
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measuring physical queue lengths back from the busway station platform using video 
recordings. Percentile queue length for design purposes will also be further analysed for 
both all stopping and mixed stopping scenarios. 
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